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Abstract—  Ultra-wideband (UWB) techniques are recently 
targeted as a broadband short range solution for in-flight-
entertainment (IFE) systems. Despite the in-cabin channel can be 
considered as an indoor channel, under the current aviation 
regulations, and due to the usual metal cabins and cylindrical 
shapes, these scenarios are particular for wireless applications. In 
this paper it is presented an experimental characterization of the 
UWB channel within an Airbus 319 aircraft cabin based on a 
real-time multiple-input-multiple-output (MIMO) UWB channel 
sounder. Here, the delay spread and coherent bandwidth have 
been calculated for different antennas configurations and 
distances. Besides, the in-cabin path-loss exponent has been 
calculated based on a large amount of data. Moreover, dynamic 
range metrics have been introduced for channel analysis and 
performance comparisons along the cabin. 
Keywords-aircraft; channel sounding; in-cabin propagation; 
in-flight-entertainment; multiple-input-multiple-output; ultra-
wideband. 
I.   INTRODUCTION 
Recently, wireless technologies have found applications in 
the on-board aviation public-transportation (PT) environments. 
One of the main reasons for their delayed deployment was the 
risky operation regarding to possible interference to 
communication devices in airplanes. In this way, the 
introduction of ultra-wideband (UWB) technology [1] could 
provide the possibility to a number of potential applications. 
UWB technology does not only offer huge bandwidth and 
capacity for very high data rates, even more important for the 
aviation application and regulation is the support of a flexible 
overlay system. Since the transmitted signal is spread over a 
large bandwidth of some GHz, interference to and from 
conventional narrowband radio systems will be very weak and 
both systems can coexist. This enables UWB based short 
range wireless communications to offer interesting in-cabin 
services.  
In order to obtain better insight into the possibilities 
offered by the UWB technology, we have performed a 
measurement campaign within an Airbus 319 at Airbus 
Operations GmbH, Hamburg. The motivation and objective 
was to gather measurement data as a basis for analyses of the 
UWB radio channel [2]. 
The rest of the paper is organized as follows. Section II 
describes briefly the UWB channel sounder. In Section III, we 
describe the in-cabin environment and the transmitter (TX) 
and receiver (RX) antenna configurations. The proposed data 
processing is addressed in Section IV. Measurement results 
are presented in Section V. Section VI concludes the paper. 
II.  UWB REAL-TIME MIMO CHANNEL SOUNDER 
Almost all propagation measurements reported in the open 
literature are carried out with general purpose vector network 
analyzers (VNA) [3],[4], or with real-time hardware but 
insufficient bandwidth. VNA sounding may allow enough 
bandwidth, but it is restricted to a static propagation 
environment. The huge measurement time prohibits recording 
of enough data for a statistical investigation of relevant 
propagation scenarios. For overcoming this problem, the 
UWB measurements presented in this article were performed 
by the real-time UWB MIMO (2x4) channel sounder [5]. 
Sounding measurements were carried out between 3.48 
and 10.42 GHz (approximately 7 GHz bandwidth) based on a 
periodic M-Sequence signal, where the measurement rate was 
approximately 13 complex-impulse-responses (CIR) per 
second. 
III.  AIRBUS-319 IN-CABIN ENVIRONMENT 
The antenna constellation for the in-cabin measurements at 
the Airbus 319 is illustrated in Fig. 1. The sounder was 
situated outside the aircraft. 4 RX antennas were used. RX1 
was placed in the middle of the cabin at the ceiling (removed 
ceiling panel). RX2 was put at the side wall at the position of a 
removed panel. RX3 was situated between seats at the 8
th row 
(floor level) and RX4 was placed near the lavatory at the 
ceiling with removed panel. RX antennas were static during 
measurements, and they were carried by tripods and connected 
with the sounder by coax-cables. The TX antenna was moved 
during measurements. The positions at which the TX antenna was placed, and small scale area movement performed, are 
depicted in Fig. 1 by crosses. TX positions at different seat 
rows were chosen, i.e., at the side wall of the cabin, at the 
ceiling in the middle of the cabin, at the seatbelt position, at 
the headrest position and at the life vest position under the 
seats. 
IV.  DATA PROCESSING 
For the parameters calculation let us denote 
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× ∈ A ^   as the CIR obtained with the UWB 
sounder. The CIRs were obtained by IFFT using a Hann 
window and suppressing the carrier at the UWB band. In 
[ ] , i ht κ τA   the maximum detectable delay is given by the 
sequence period of about 585 ns, where 
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{ } 1,2, 3, 4 i =  (channel index), being  m K  and  m I  the number 
of snapshots and samples in the time (tκ ) and delay ( τA ) 
domains, respectively. For the in-cabin measurements, it has 
been assumed 40 snapshots ( 40 m K = ) in a small scale area. 
On the other hand, for reliable analysis avoiding effects of 
external (out of cabin) contributions and different dynamic 
ranges, the CIRs were windowed applying a rectangular 
window of 300 ns and different thresholds, i.e., according to 
approx. 3 times the in-cabin dimensions and the instantaneous 
dynamic range. Hence, it has been defined  [ ] ' , i ht κ τA   as the 
windowed version of  [ ] , i ht κ τA , where  { } '0 , 1 , ,1 I =− A" , 
and I  is he maximum number of samples in the delay domain 
once the window is applied. 
Therefore, we have followed a procedure based on the 
realistic dynamic range of the system and the maximum 
expected delays. Thus, the instantaneous-dynamic-range 
(IDR) has been calculated as follows: 
k () [ ] () ()
() ()
2
10 '
10
10* log max ,
10* log .
i ti
t
floor
IDR t h t
mean n
κ
κ
κκ τ =
−
A 
    (1) 
The IDR parameter will be used as a measure of the 
performance of each channel and for setting the thresholds for 
delay-spread computations. In the same way, the minimum-
IDR (MIDR) has been calculated as follows: 
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Note that 
t
floor n
κ  refers to the noise floor through delay domain 
for the time tκ , and the only difference between IDR and 
MIDR is the mean and maximum values of 
t
floor n
κ  for 
definition of the dynamic range during measurements. For the 
experimental procedure included for the in-cabin data, the 
estimation of 
t
floor n
κ   has been performed based on the 
remaining data allocated between 300 and 500 ns (note that 
the UWB channel sounder allows a maximum of 585 ns). 
Based on the parameters described above, the power-
delay-profile (PDP) can be calculated as follows: 
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where K  is the number of snapshots within the coherent time 
and/or within the time interval of measurement for a local 
position in stationary conditions (40 in our case). Hence, the 
local area delay-spread of the channel can be calculated by 
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On the other hand, the maximum-delay (total excess delay) 
and mean delay can be calculated respectively by 
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Finally, the experimental coherent bandwidth (Bc) at 
different correlation levels was estimated based on the delay-
spread (e.g., at MIDR threshold) and the Jakes channel model 
[6] as follows: 
 
 Fig. 1. Antenna constellation from the cabin top view. ()
2 1/ 1 2 ,
MIDR rms Bcρ ρπ τ ≈−     (7) 
where ρ  denote correlation, with  {} 0.5,0.7,0.9 ρ = . 
V.  MEASUREMENT RESULTS 
Based on (1) and (2), the dynamic range of the UWB 
sounding system along the cabin was estimated for the 4 real-
time channels measured in parallel at different locations. Fig. 
2 depicts the cumulative-distribution-function (CDF) of the 
IDR and MIDR for all in-cabin positions. These curves 
indicate that CH3 (for RX3) and CH4 (for RX4) had the 
lowest IDR and MIDR, mainly because the longest distance 
for these RX positions, with worst performance for RX3 
because the non-line-of-sight (NLOS) at the removed dado 
panel; see also Fig. 1. Hence, for reliable comparisons, the 
IDR was set to a minimum of 10 dB. Besides, the actual 
MIDR has been also chosen as threshold for delay spread 
computations on both line-of-sight (LOS) and non-LOS 
(NLOS) for all positions within the cabin. Note that IDR = 10 
dB was guaranteed up to 10% outage for all TX/RX antenna 
positions, allowing reliable comparisons for 1x4 real-time 
channels (relative to RXs positions).  
Table 1 shows the median and standard-deviation results 
for IDR, MIDR, delay spread (thresholds of 10 dB and MIDR, 
denoted by 
10dB rms τ  and 
MIDR rms τ , respectively) and the 
coherent bandwidth at 0.9 correlation, denoted by 0.9 Bc . From 
these results it is verified that CH 3 and 4 depicted higher 
delay-spread (and deviations) due to the lower IDR and 
MIDR. For CH1 and CH2 (mainly under LOS condition and 
then higher IDR and MIDR), the median  rms τ  ranges  from 
8.84 to 21.53 ns, which are lower than results reported at 2 
GHz within an Airbus 319 [7] (i.e., there between 29.2 and 
58.2 ns), higher than the results reported at the 60 GHz band 
within an Airbus 340 [8] (i.e., between ~2 and 6 ns), and in the 
same range than the results reported for a similar UWB band 
in a Airbus 319 [3] and within a Boeing 737-200 [4] (i.e., 
between ~10 and 30 ns, and between ~8 and 21 ns, 
respectively). Moreover, it is verified that the Airbus 319 in-
cabin channel has median  0.9 Bc  of about 1.5 to 3 MHz. 
Note that the Airbus 340 considered in [8] has larger cross-
section than the Airbus 319 but not larger delay spread was 
perceived. Besides, note that the results presented in [3] and 
[4] were performed with a VNA, which implies a tradeoff 
between resolution and time consumption for performing 
measurements. Perhaps the main limitation in [3] was the 
maximum detectable delayed paths, which was set to 160 ns. 
This value is almost duplicated in this paper, which allows us 
to consider multiple reflexions within a cabin of about 20-30 
m long with a maximum dynamic range of about 50 dB (see 
Fig. 2). According with the results presented in Table 1 and 
Fig. 3.a, the mean delay spread at MIDR can be used for 
comparisons with the results reported in [4] for a Boeing 737-
200. 
In this way, the CDF of the 
10dB rms τ , and 
MIDR rms τ , have 
been plotted in Fig. 3.a for all channels. Note that these plots 
are differentiated for each RX position, i.e., at the ceiling back 
side (CH1), at the luggage compartment (CH2), at the 
removed dado panel at floor level (CH3) and at the ceiling 
front side (CH2); see also Fig. 1. The results in Fig. 3.a verify 
the remarkable effect of the actual MIDR for the calculation of 
the delay spread at CH3 and CH4. Hence, for performance 
analysis, the CIRs without fulfilling a MIDR = 10 dB were 
removed from the usage data and then the 
10dB rms τ  was 
computed. Distributions of 
10dB rms τ after clipping are also 
plotted in Fig. 3.a. 
The CDF of  0.9 Bc  (see equation (7)), for different cases is 
presented in Fig. 3.b. From these curves we can verify that the 
in-cabin channel has median  0.9 Bc of about 3 MHz in most of 
the cases, and reaching values higher than 20 MHz. Values 
around 50 MHz were found in some low IDR cases (not 
plotted). 
On the other hand, in Fig. 4 the 
10dB rms τ  vs. range has been 
plotted for the four channels. Besides, a 4
th order polynomial 
fitting has been included for each channel. These scatter plots 
shows a clear effect of the MIDR and the in-cabin propagation 
where the metallic contour creates a “tunneling” propagation 
effect. This characteristic makes a clear differentiation 
according to the RX height, TX-RX distance and MIDR. In 
the case of CH1 and CH2, where the MIDR was higher, much 
lower delay-spread values were depicted compared with CH3 
and CH4 (see also Table 1). Besides, the fitting curves indicate 
that there is a clear multipath difference at different distances 
along the cabin. There exist increments in the delay-spread 
with the distance for all cases, with some reductions around 8-
9 m. These results also indicate that more spatial samples are 
necessary for final conclusion about the range dependency in 
the delay-spread. 
A.  Path-Loss Analysis 
The scatter plots of the path-loss vs. range and curves 
fitting (for path-loss modeling) are depicted in Fig. 5.a. Path-
loss exponents of 1.4 and 1.5 were found, for CH 1 and 2, 
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Fig. 2. Dynamic range of the UWB sounding system along the 
cabin: CDFs of IDR (left), and CDFs of the MIDR (right). 
 respectively. It is worth indicating that Fig. 5.a was obtained 
using the total relative power within the CIRs, i.e., including 
all multipath components. Besides, note that due to low 
IDR/MIDR in CH3 and CH4, the depicted curves do not show 
usual trends. We found almost constant path-loss vs. distance 
for these channels. Therefore, these two channels have been 
considered with care for path-loss modeling. On the other 
hand, for CH1 and 2 we have verified that the decay slop is 
always lower than the free space decay if the total power 
carried in the CIRs is considered. Besides, we have found 
shadow margins lower than 6 dB in all cases. This UWB in-
cabin propagation behavior indicates us useful characteristics 
for deployment of in-cabin applications under LOS and 
NLOS. From a network planning point of view, the coverage 
reliability can be increased compared with other systems. 
Finally, for comparisons with free space path loss models, 
in Fig. 5.b it is presented the path loss of the main paths vs. 
range. In this case the results are not affected by the low IDR 
and MIDR since the depicted relative powers refer only to the 
strongest paths. Path loss exponents of 2, 2.8, 1.8, and 1.8 were 
found for CH1, CH2, CH3 and CH4, respectively. These 
results indicate closer values to the free space path loss 
exponent compared with the results presented in Fig. 5.a, but 
much more dispersion was found because shadowing, i.e., < 16 
dB in all cases. 
VI.  CONCLUSIONS 
The UWB in-cabin channel is a particular case among the 
usual indoor environments depicting different time dispersion, 
coherent bandwidth and path loss characteristics. For the 
Airbus 310 cabin, it has been found delay-spread between 8.84 
to 21.53 ns (at 10 dB and MIDR thresholds) for locations with 
high IDR and MIDR. The  delay-spread increased up to 144 ns 
at 10 dB threshold for locations with low IDR and MIDR. It 
has been verified that the measured time dispersion is lower 
than the usual at the 2 GHz band, and higher than the obtained 
at the 60 GHz band for similar public transportation 
environments. Besides, the coherent bandwidth at 0.9 auto-
correlation (Bc0.9) depicted values up to 50 MHz, with median 
values between 1.5 and 3 MHz. The delay-spread results have 
TABLE I.   MEDIAN/STANDARD-DEVIATION FOR THE IN-CABIN 
CHANNEL PARAMETERS 
Channel 
IDR 
[dB] 
MIDR 
[dB] 
10dB rms τ  
[ns] 
MIDR rms τ
[ns] 
0.9 Bc  
[MHz] 
CH1  33.45/ 
8.53 
24.08/ 
4.80 
8.84/ 
6.62 
21.53/ 
9.56 
3.57/ 
1.20 
CH2  40.86/ 
11.43 
31.44/ 
4.80 
6.19/ 
8.76 
23.11/ 
8.11 
3.33/ 
1.29 
CH3  11.48/ 
6.35 
2.55/ 
4.80 
144.83/ 
65.29 
25.45/ 
61.33 
2.99/ 
1.18 
CH4  18.81/ 
7.85 
8.32/ 
4.80 
87.19/ 
70.11 
23.64/ 
62.69 
3.25/ 
1.22 
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Fig. 3. Delay-spread and coherent bandwidth results: a) CDFs of 
10 /MIDR dB rms τ , and b) CDFs of  0.9 Bc . 
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Fig. 4. Scatter plots 
10dB rms τ  vs. range for the FCC band at CH1, 
CH2, CH3 and CH4. 
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Fig. 5. Path-loss vs. range: a) using the total power carried by the 
whole multipath components, b) using the power carried only by the 
main component. 
 shown distance dependency with variations between 20 and 80 
ns, taking into account a range up to 12 m. For future coverage 
analysis, we have found that the path loss exponent is lower 
than the free space path loss if all multipath components are 
considered, i.e., path loss exponents equal to 1.4 and 1.5 have 
been found for channels with high MIDR. Besides, considering 
all multipath components, shadowing margins lower than 6 dB 
were perceived at all distances and locations. In case of 
analysis including only the strongest paths, the path loss 
exponent was closer to the free space path loss exponent in 
most of the cases, but much more shadowing was perceived. 
For final conclusions about IFE systems deployment based on 
UWB, more in-cabin spatial samples are required and human 
activity must be considered. 
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